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Congenital Heart Defects (CHDs) are individually rare, but altogether affect 6-8/1000
newborns. Their aetiologies are largely unknown, although mutations in a number of genes have
been identified in few sporadic and familial cases. A total of 238 patients affected by different
conotruncal (CT) CHDs were collected. These patients were screened for mutations in
cardiogenic transcription factors NKX2.5, GATA4, ISLET1, TBX20 and ZFPM2/FOG2,
together with other candidate genes expressed in developing and adult heart (GJAS, GDF1 and
BMP4). A subgroup of 49 patients with tetralogy of Fallot (ToF) was further analyzed for JAG1
mutations, the gene responsible for Alagille syndrome. Mutation screening was performed by
dHPLC followed by bidirectional sequencing. The GATA4 gene was further investigated for
copy-number-changes by MLPA. No clear pathogenic mutation was identified in the GATA4,
ISLET1, BMP4, TBX20 and GDF1 genes. One NKX2.5 (Arg25Cys) change was detected in 2
patients with ToF. Mutation analysis of ZFPM2/FOG2 gene identified 3 novel (Ile227Val,
Met544lle and Lys10291le) and one (Glu30Gly) previously detected mutations. One GJAS
missense mutation was identified in two unrelated patients. This change was absent in more
than 400 control chromosomes and was proven to alter connexin 40 cellular localization by
immunohistochemistry. One splice site variant (1107+3InsGT) and 2 missense mutations
(G309R and R937Q) were found in JAG1 gene in 3 ToF patients. These results 1) confirm that
mutations in NKX2.5, GATA4, FOG2, TBX20, and GDF1 are rare events in CT CHDs ii)
indicate a role for GJAS gene in CT CHDs; iii) provide evidence that mutations in JAG1 gene
account for a significant proportion of isolated ToF.

Probands of 7 families with isolated transposition of great arteries (TGA) and family history
of concordant or discordant CHDs and 20 sporadic patients with atrioventricular canal defect
(AVCD: 17 with partial and 3 with complete AVCD) were screened for mutations in the ZIC3,
ACVR2B, LEFTYA, CFC1, NODAL, FOXH1, GDF1, CRELD1, GATA4 and NKX2.5 genes.
Mutation analysis allowed the identification of 5 sequence variations in 2 (28.6%) out of 7 TGA
probands, IVS2-1G>C (NODAL), Asn21His and Arg47GlIn (CFC1), Pro21Ser (FOXHI), and
Gly17Cys (ZIC3). The Asn21His and Arg47G CFC1 changes were also detected in 2/3 (66.7%)
cases with complete AVCD. No variation was found in patients with partial AVCD. None of
these changes was found in control subjects (n. 300), excepting for CFC1 variations Asn21His
and Arg47GIn (2/300; 0.7%). These results demonstrate that mutations in laterality genes could
occur in a significant proportion of families with TGA and argue for an oligogenic or complex
mode of inheritance in these pedigrees.
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To evaluate whether the GJAS gene mutations cause “criss-cross” heart development in
humans, we screened the entire coding region of the GJAS gene in a group of 6 well
characterized patients with criss-cross heart. No pathogenic mutation was identified, suggesting
that GJAS mutations are not responsible for criss-cross heart in humans or are not a major cause
for this defect. To evaluate the presence of a locus for non syndromic absent pulmonary valve
(APV) on 18q and for Ebstein anomaly on chromosome 8p23, we screened for mutations the
NFATC1 and GATA4 genes in 2 subjects affected by isolated non syndromic APV and 7
patients with Ebstein anomaly, respectively. Neither NFATC1 nor GATA4 mutations were
identified in these CHDs. Furthermore, a total of 30 patients affected by AVCD and a group of
50 phenotypically normal subjects were analyzed for NFATC1 mutations. Two non-
synonymous changes (Val210Met and Ala367Val) were detected in 3 AVCD patients, while no
mutation was detected in unaffected subjects. Both mutations were found to be absent in
additional 400 controls, suggesting that NFATC1 gene could be responsible for a number of
AVCD patients.

To further evaluate the mutation spectrum associated to Noonan Syndrome (NS), Costello
Syndrome (CS), Cardio-Facio-Cutaneous Syndrome (CFCS) and LEOPARD Syndrome (LS)
causative genes encoding for members of the RAS-MAPK pathway were studied by dHPLC
analysis followed by bidirectional sequencing. Mutation screening of HRAS gene identified a
novel “bona-fide” mutation outside the classical HRAS “hot-spot” region for CS. Thirty-three
patients with CFCS were screened for mutations in MEK1 and MEK?2 genes. Three MEK 1 and
two MEK?2 mutations were detected in six patients. To investigate the phenotypic spectrum and
molecular diversity of germ line mutations affecting BRAF, which encodes a serine/threonine
kinase functioning as a RAS effector frequently mutated in CFCS, subjects with a diagnosis of
NS (n. 270), LS (n. 6), and CFCS (n. 33), and no mutation in PTPN11, SOS1, KRAS, RAF1,
MEKI1, or MEK2, were screened for the entire coding sequence of the gene. Besides the
expected high prevalence of mutations observed among CFCS patients (52%), a de novo
heterozygous missense change was identified in one subject with LS (17%) and five individuals
with NS (1.9%). Our findings provide evidence for a wide phenotypic diversity associated with
mutations affecting BRAF, and occurrence of a clinical continuum associated with these
molecular lesions.
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